Aims: To summarise incidence rates and epidemiological characteristics of new cases of work related respiratory disease reported by specialist physicians in thoracic and occupational medicine, with particular reference to occupation, industry, and causal agents for asthma, inhalation accidents, and allergic alveolitis. Methods: Cases reported 1992-2001 to the SWORD and OPRA national surveillance schemes, in which almost all UK chest and occupational physicians participate, were analysed by age, sex, cause, occupation, and industry, with incidence rates calculated against appropriate denominators. Results: Excluding diseases of long latency, infrequently seen by occupational physicians, the distribution of diagnoses in the two specialties was similar, but with rates generally much higher in occupational than chest physicians. Occupational asthma was responsible for about 25% of cases overall, affecting mainly craft related occupations and machinists, and most often attributed to isocyanates, metals, grains, wood dusts, solders, and welding fume. These same occupations were those at highest risk from inhalation injuries, most frequently caused by irritant gases, vapours, and fume. Among medical technicians and nurses, however, glutaraldehyde and latex were the main causes of occupational asthma. Allergic alveolitis was seldom reported, with almost all cases in agriculture, forestry, and fishing. Conclusion: During the 10 year period studied, there were few changes in level of reported incidence, apart from some decline in occupational asthma and inhalation injuries. These results and their implications should be distinguished from much higher estimates of asthma made worse by work derived from population surveys, based on prevalence rather than incidence, and self-reported symptoms rather than diagnoses made by specialist physicians. Even so, the reported incidence of new cases of acute respiratory illness caused by work remains substantial.
T he UK has a unique system of occupational disease surveillance. Thanks to the joint interest of the British Thoracic Society (BTS) and Society of Occupational Medicine (SOM) in having better information on occupational asthma, a reporting scheme, later known as SWORD (Surveillance of Work-related and Occupational Respiratory Disease), was initiated at the National Heart and Lung Institute in London at the end of 1988. 1 This scheme, now in its sixteenth year, is based on the voluntary submission of monthly reports of all newly diagnosed cases of occupational respiratory illness which, in the opinion of specialist chest and occupational physicians, are caused by work. Brief details are requested on age, sex, postcode, diagnosis, industry, occupation, and suspected agent, but neither patient's name nor employer are reported. Guidelines to all participants require that the occupation (job) reported should refer to the type of work at the time of exposure to the suspected agent, not necessarily the present job. In identifying the industrial category, a description in as specific terms as possible is requested, rather than by reference to a code.
Early success of SWORD led to the establishment of closely similar reporting schemes first, in 1993, for skin disease by dermatologists and then, in 1996, for infectious diseases by communicable disease consultants and for all types of work related illness by occupational physicians. Later, three other schemes were added: for hearing, musculoskeletal, and mental illnesses, by the relevant specialists. These seven schemes, collectively known as ODIN (Occupational Disease Intelligence Network) were, from 1996 onwards, administered by the university Centre for Occupational and Environmental Health in Manchester, and replaced at the end of 2001 by a similar but new scheme (THOR).
DEVELOPMENT
The first full year of the SWORD scheme in 1989 was largely concerned with recruitment of BTS and SOM participants, and the improvement of reporting procedures. During the first three years, 1989-91, 776 doctors participated, equally divided between occupational physicians (391) and chest consultants (385), the latter including at least one physician in 90% of the UK's chest clinics. 1 In anticipation of a possible decline from the initial enthusiasm, it was decided in January 1992 to divide the chest physicians into two groups: a ''core'' of 32 doctors known to have a special interest in occupational respiratory disease, and the remainder into 12 random samples, each of around 30. The core members continued to report all eligible cases monthly, and the remainder for one month a year only. This virtually doubled the estimated incidence of reported disease, a level which has since been maintained. The procedure for occupational physicians remained unchanged (that is, without sampling) until 1996, when they began to report all types of work related disease. At this point, a much larger number of occupational physicians (almost 800) agreed to participate in a separate scheme, OPRA (Occupational Physicians Reporting Activity), and monthly random sampling was introduced for them all. 3 This paper will deal only with data obtained for the 10 year period, 1992-2001, the period since the introduction of sampling for the chest physicians. Schemes which require voluntary participation, however, are inevitably subject to some annual fluctuation in level of reporting. Thus the total number of cases actually reported by all chest physicians (core and other) each year 1992-2001 varied from 888 to 1095 (median 1019), and the estimated total, based on sampling, from 2046 to 3597 (median 2863). Low values, in 1995 and 1996, prompted efforts to encourage reporting, and resulted in the numbers of actual and estimated cases returning to their former level.
OBJECTIVES
The purpose of the present paper is to summarise information on the incidence of work related respiratory disease from the SWORD and OPRA schemes, obtained during the 10 year period 1992-2001. As contemporary denominators are clearly inappropriate for diseases of long latency, analyses of such diseases, made previously using census data, 2 have not been repeated. Estimated incidence rates in this paper are for three specific disease categories of short latency: occupational asthma, allergic alveolitis, and illness caused by inhalation accidents, and focus on industry, occupation, and the suspected agents.
MATERIALS AND METHODS

Denominators
As almost all the chest physicians in the UK are SWORD participants, the national Labour Force Survey (LFS) of all people in full or part time employment provides an appropriate denominator for the calculation of specific countrywide incidence rates. The LFS is a sample survey of the UK population carried out every three months. Although relatively minor changes in employment continually occur, it was decided that for the present analyses, LFS data for the winter of 1999 4 were appropriate, being as close as possible to 2001, when a separate denominator for occupational physicians became available. Only a small proportion (12%) of all employees are served by occupational physicians however, and no suitable denominator existed for them until 2001, when a special postal survey was undertaken. 5 In this survey, active participants were asked to estimate the number of full or part time employees for whom they currently provided occupational health care, and to cross tabulate the data by sex, occupation, and industry. Age distributions were not requested. As in the other ODIN schemes, occupation and industry were coded using the Standard Occupational Classification (SOC) 6 and the Standard Industrial Classification (SIC). 7 To facilitate this task, the occupational physicians were supplied with lists of SOC and SIC two digit codes with definitions. These lists can be obtained from the authors on request.
Case reports
During the 10 year period, 1992-2001, the estimated number of new cases of work related respiratory disease reported to SWORD by chest physicians was 27 952. Of these, 8644 were reported by the ''core'' group of chest physicians and the remaining 19 308 estimated from the monthly samples.
The methods used have been described more fully elsewhere. 2 During the same period, the corresponding total estimate based on occupational physicians' reports was 5983, of which 4344 were obtained by sampling. As these two data sets are quite independent, with little evidence of overlap, and deal with illnesses of differing severity and industrial provenance, their analyses have also been kept separate.
The estimated average annual incidence of disease by age, sex, and diagnosis in the two groups, with rates per million based on appropriate denominators, is shown by diagnosis in table 1. Two thirds of all cases reported by chest physicians were diseases of long latency, compared with less than one third reported by occupational physicians, who seldom see employees after retirement. The average annual rates of necessity present the same pattern, although because the denominator for the occupational physicians is much the smaller, their rates tend to be higher; in some illnesses (for example inhalation injuries and asthma) much higher. This is in contrast to allergic alveolitis, where almost all cases were reported by chest physicians. Average annual incidence rates based on chest physician reports for these two diagnoses are shown in table 2 by age and sex. In males, asthma rates increased with age. Both asthma and inhalation injuries were appreciably more frequent in men than in women. Incidence rates based on occupational physician reports were also much higher in men than in women, but the effect of age could not be studied, as this was not recorded in the relevant denominator.
Analyses
As information on occupation (that is, job) was coded for the whole of the 10 year period under review, the basic analyses of average estimated annual incidence in nine occupational groups are dealt with first (see table 3 ). Coding by industry in eight groups has been undertaken only since 1996; the rates shown in table 4 are therefore based on the six year period 1996-2001, when the rates for asthma were on average somewhat lower. The 77 occupations and 60 types of industry identified by a second digit in these broad categories were summarised in the earlier paper on denominators.
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OCCUPATIONAL ASTHMA
Incidence
It can be seen in table 3 that by far the highest reported rates of asthma by both chest and occupational physicians were in craft and related occupations, followed by plant and machine operatives, and associated professional and technical workers. Overall, the rates were some four times higher when based on cases reported by occupational physicians than by chest physicians; this difference was seen particularly for associate professional and technical jobs, and for employees in personal and protective services. The analyses of asthma by industry presented in table 4 show rates generally higher in primary and manufacturing industries, but much lower in utilities, construction, and the health and social services. Insight into the complex relation of job and industry is provided by consideration of the specific causal agents typical of various types of work.
Agents
During the 10 year period well over 100 agents were reported by chest physicians as having caused occupational asthma, but many were compounds or mixtures with possibility of overlap. Those classified in table 5 fell into four main groups, the largest of which were organic (35%) or chemical (32%), followed by two smaller groups: metallic (7%), miscellaneous (17%); 9% were unknown/unspecified. Isocyanates were incriminated in 14% of all cases, flour or grain in 9%, and wood dust in 6%; metallic agents, solder/colophony, resins, and glutaraldehyde were also of note. The annual average number of cases of occupational asthma fell from 703 in 1992-1995 to 559 in 1996-2001, explained mainly by the decreased reporting of almost all agents in the chemical, metallic, and miscellaneous categories, but only by flour/ grain, solder/colophony, and laboratory animals in the organic group. The distribution of the 15 agents most frequently reported by chest physicians is set out in table 6 by occupation and industry, with 10 or more cases per annum shown in bold. The pattern by occupation is reasonably clear in that, with few exceptions, there were high numbers only among craft related and plant and machine operators, and then only for a limited number of agents. Isocyanates and metals are prominent in both groups, but with the addition of flour/ grain, wood dusts, solder/colophony, and welding fume in the craft related occupations. Also prominent are the specific associations between glutaraldehyde and latex, the health and social services, and technical and associate professional occupations, the latter being mainly nursing. There is a less clear relation between industry and exposures, but agents such as isocyanates, metals, and solder/colophony are those that occur in manufacture of metals/automotive products. It is evident, too, that exposure to almost all of the more common agents, particularly isocyanates and wood dusts, occurred in ''all other industries''. 
INHALATION ACCIDENTS Incidence
As the major part of the illnesses caused in this way were reported by occupational physicians, who will have had immediate access to the nature of the inhalation, it is the analysis of their data that is most informative. Those at highest risk were often employed in craft and related jobs, plant and machine work, and associated professional and technical occupations, but also in personal and protective services (table 3) . Again, the three industries at highest risk are metallic and automotive products manufacture; mining and quarrying and petrochemical, rubber, and plastics manufacture (table 4) . Consideration of the agents responsible helps to clarify the relation.
Agents Tables 7 and 8 , which show analyses by occupation and industry, analogous to the data shown in tables 5 and 6 for occupational asthma, may be obtained from the authors on request. Although almost as many different agents were reported as by chest physicians for asthma, they are more simply classifiable into five categories, of which irritant gases are the most numerous (42%), followed by solvent vapours (18%), metallic fume (11%), acid mists (9%), and other (18%). As with asthma, there is evidence of a similar drop in frequency between 1992-95 and 1996-2001 in irritant gases, metallic fume, and acid mists, but not in solvent vapours or other substances. Irritant gases were most frequently reported in craft related and plant and mechanical occupations; and in the petrol, rubber, and plastics, and health and social services industries (table 8) .
ALLERGIC ALVEOLITIS
Cases of this disease, though far less frequent than initially expected, were reported almost entirely by chest physicians. Most of the cases were in agriculture, forestry, and fisheries, and affected mainly managers (including farm owners), administrators, and associated professional, and technical workers. Of 414 cases in which the suspected agent was specified, 83% were organic, two thirds bacterial or fungal, and one third, animal. The remaining 17% were various chemical agents, of which isocyanates were the most prominent.
DISCUSSION
Reporting schemes inevitably deal with the top of an iceberg, a proportion of which lies beneath the surface, varying considerably with type of disease. In the UK, clinical specialists can report only on patients referred to them, who in turn will usually first have been seen by a general practitioner or occupational physician. Their opinions on diagnosis, causation, and questions of work and exposure will strongly affect decisions on whether and what to report. For example, information about occupation is probably more reliable than industry, about which neither the patient nor chest physician may be sure. This problem may be less for the occupational physician, if only because their patients are usually seen at work and at an earlier stage. None of these questions need detract seriously from the primary purpose of a reporting scheme, provided that a well defined procedure is maintained, and that the top of the iceberg is reasonably representative of what lies beneath. Thus the SWORD data probably give a fairly true picture of new cases of respiratory illness caused by work in the country generally, as do the OPRA data for employees covered by occupational health services. The substantial difference between incidence rates based on reports from chest and occupational physicians requires some explanation. The latter serve only a minority of the working population, mainly in health and social services, and the larger private enterprises, and seldom see patients over 60 years of age. Although not normally responsible for treatment, they may be the first to make the diagnosis, often at an earlier stage even than the general practitioner. Clinical specialists, on the other hand, are available by referral to the entire population, regardless of age, sex, or location. Their patients are seen less often at an early stage, tend to be more severely ill, and, at least some, for a medicolegal opinion. These factors could well be responsible for the contrasting rates for mesothelioma, benign pleural disease, and lung cancer in table 1, and most of the large differences by occupation and industry for asthma and inhalation accidents in tables 3 and 4.
For the primary purpose of surveillance, reporting schemes are clearly useful, but in seeking to understand the basic aetiology and pathogenesis of diseases such as occupational asthma, it is another matter. Whereas population surveys suggest that people with asthmalike symptoms made worse by conditions at work is a common problem of low specificity, SWORD and OPRA findings indicate that although many workers are exposed to a variety of specific sensitisers, the proportion who go on to develop asthma as a result is relatively low. Occupational asthma thus presents two contrasting problems with differing needs. The first, with wide implications for occupational health, calls for research into the prevention of common respiratory consequences of an adverse environment. The second, and less frequent, calls for the identification of personal factors which affect individual vulnerability to specific sensitisers. As workplace exposures are brought under control, behavioural and genetic factors may well become more prominent. 8 9 As both SWORD and OPRA are wholly dependent on the voluntary reporting of newly diagnosed cases of illness, it is not surprising that total numbers overall and by diagnosis vary from year to year, probably for reasons unrelated to true incidence. Trends in time might therefore be misleading; however, additional evidence is sometimes provided by the proportional distribution of diagnoses and agents. In table 5, for example, although the annual average number of cases of occupational asthma reported was certainly lower in the second six than in the first four years, this was accompanied by a fall in certain agents but not others, adding to the probability that there was a true reduction overall. A detailed analysis made recently for the Health and Safety Executive, using Poisson regression to allow for variation in the number of reporters and their response, concluded that at least for asthma this downward trend probably reflected a real decrease in disease incidence. 10 Incidence rates based on national denominators are informative, but limited by the more detailed and specific information on cases reported by physicians than is available for the employed population at risk, particularly as regards frequency and intensity of exposure. For example, the high rates of asthma in certain occupations and industries (tables 3 and 4) are wholly dependent on the unknown proportion of employees in each of these segments who are exposed. The same kind of question affects the analysis of agents shown in tables 5 to 8 (tables 7 and 8 available from the authors on request). Thus the relatively low rates for asthma in Health and Social Services (table 4) are probably explained by the large denominator for this section, among whom nurses and technicians may be at high risk, as suggested by table 6. Greater insight is obtainable if the second and third digits in the SOC and SIC classifications are used, but with several hundred such groups, the tabulations might be unwieldy. More detailed analyses of selected occupations and industries could be made, however, to pinpoint priorities for control.
International comparisons, recently reviewed by Meredith and Blanc 11 are difficult. SWORD's strengths are also its weaknesses; they depend on the individual judgement of most of the UK's specialist physicians in reporting new illnesses diagnosed in normal clinical practice and judged in their opinion to have been caused by work, together with the agents and occupations thought responsible. There can be no assurance that any general population survey would identify the same cases, or arrive at the same conclusions. Surveys of such populations, on the other hand, are usually concerned with period prevalence, not incidence, and with symptoms, without diagnosis, caused or made worse by work. As causation in these surveys is then a matter of statistical comparison of work histories, rather than clinical opinion, it is impossible to compare the two approaches, though they may provide complementary information.
An example of this difference is afforded by a major survey on the prevalence of asthmatic symptoms, induced or aggravated by work in 16 industrial countries, including the UK, by Kogevinas et al. 12 The most consistent evidence of risk was found in farmers, agricultural workers, and cleaners. Very similar findings among cleaners and agricultural workers were also reported from a recent analysis of asthmatic symptoms in a national survey among US workers. 13 Our table 5, however, does not suggest a major role for either ''other animals'', vegetable dusts, or cleaning products. Moreover, a more detailed analysis of our data for 1992-2001 gave the annual average incidence of asthma for domestic cleaners (SOC 958) as 13 per million against 38 overall, and only 62 per million for farmers and farm workers (SOC 160 and 900), still far below 10 other occupations, with rates ranging from 123-1464 per million. The probable explanation for these divergent findings may simply lie in the use of incidence rather than prevalence, and of diagnoses made by specialist physicians rather than self-reported symptoms.
Main messages
N By far the highest rates of both asthma and inhalation injuries were experienced by machine operatives, and craft related employees in the manufacturing industries.
N In addition there was substantial risk from latex and glutaraldehyde among technical and nursing professionals in the health services.
Policy implications
N Control of occupational asthma, initiated by specific exposures at work, will require differing strategies for research and control from the more frequent preexisting asthma, made worse by the working environment.
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